Attempts were made to isolate open and covalently closed circular D N A from strains containing the IncJ plasmids. All of the methods tried were unsuccessful. It was shown that the IncJ plasmid R391 can integrate into the Escherichia coli K12 chromosome and can mobilize chromosomal markers from a single origin in an orientated manner. It is proposed that the IncJ plasmids are integrated in the chromosome for most, if not all, of their existence and this explains the inability to isolate plasmid D N A from strains containing them.
I N T R O D U C T I O N
Incompatibility group J includes a group of plasmids detected in strains of Proteus and Providence from Pretoria (Coetzee et al., 1972; Hedges, 1974 Hedges, , 1975 , R997 from an Indian strain of Proteus mirabilis (Matthew et al., 1979) and pJY 1 from a strain of Vibrio cholerae isolated in the Phillipines (Yokata & Kuwahara, 1977) . All of the South African IncJ plasmids determined resistance to kanamycin and mercuric ions; R997 determined resistance to ampicillin, streptomycin and sulphonamides; and pJY 1 determined resistance to chloramphenicol, streptomycin and sulphonamides.
Although these plasmids showed all the genetic characteristics of extrachromosomal elements, attempts to isolate covalently closed circular (CCC) D N A forms of plasmids R39 1, R392 and R997 by dye-buoyant density gradient ultracentrifugation were unsuccessful . In the present work, four different methods were used in attempts to isolate plasmid D N A from strains carrying several members of group J. All the methods failed.
During the course of this work, the possibility was investigated that the IncJ plasmids existed in a chromosomally integrated form. Several workers have found that various plasmids can integrate stably into the bacterial chromosome and constitute Hfr strains that transfer chromosomal genes sequentially. These include F (Jacob & Wollman, 196 1 ; Hayes, 1968) , F-like plasmids including ColB and ColV (Kahn, 1968) , and the IncIa plasmids R483 and R144 (Datta & Barth, 1976) . Recently, Sasakawa et al. (1980) have shown chromosome integration and Hfr formation by plasmids of incompatibility groups FIV, H1, H2, M and N. Although many other plasmids have also been shown to mobilize bacterial chromosomes (for review, see Holloway, 1979) there is little convincing evidence that these integrate into the chromosome. The present work demonstrates that IncJ plasmid R39 1 mobilizes the Escherichia coli chromosome from a single origin, and transfer of chromosomal markers occurs in an orientated manner. Integrated R391 suppresses dnaA mutants that are temperature sensitive for the initiation of chromosomal replication by using its own origin of replication. It is proposed that the IncJ 'plasmid' R391 normally exists in a chromosomally integrated form and transfer of resistance markers is concomitant with the transfer of chr omoso ma1 markers. 
M E T H O D S
Bacterial strains andplasmids. The Escherichia coli K 12 strains and plasmids used are described in Table 1 . DNA isolation. Three different methods were used: the cleared lysate method of Meyers et al. (1976) ; the method of Barth & Grinter (1974) ; and a larger scale method using 1 litre of culture based on that of Clewell & Helinski (1969) .
Single colony lysates. Single colonies were lysed directly on 0.7 % (w/v) agarose slab gels and examined for the presence of plasmid species by electrophoresis as described by Eckhardt ( 1978) . Standard reference plasmids used were R A l (mol. wt 86 x lo6), R1 (62 x lo6), R702 (46 x lo6) and RP4 (36 x lo6) (Jacob et al., 1977) .
Plasmid mobilization of chromosomal markers. The donor strain J53(R39 1) was grown without shaking to approximately 10' cells ml-'. The recipient strain AB 1157 was grown with shaking to approximately lo9 cells ml-l. Equal volumes of donor and recipient cultures were mixed and incubated at 37 "C, without shaking, for 100 min. The mating mixture was then blended in a vortex mixer and 0.1 ml samples were spread on media selective for each of the markers of AB1157 indicated in Table 2 . The frequency of transfer of kanamycin resistance to ABll57 was also determined. Streptomycin (15 pg ml-') was used to counterselect the donors. Viable counts of the donor and recipient cultures just before mating were also measured.
Test for suppression of the DnaA phenotype. Clones of strains A3 and A3(R39 1) were grown overnight in 10 ml nutrient broth at 30 "C. Dilutions of these broth cultures were plated on prewarmed nutrient agar and incubated at 30 "C and 42 "C. Counts were made after 48 h incubation.
R E S U L T S
Attempted DNA isolation. Using the single colony lysate method of Eckhardt (1978) with the strains carrying the IncJ plasmids described in Table 1 , no plasmid bands were seen for any of these plasmids even though the standard plasmids used were clearly visible on the gel. The method of Barth & Grinter (1974) was used in an attempt to isolate CCC DNA of the IncJ plasmids described in Table 1 . After dye-buoy ant density gradient ultracentrifugation no bands of CCC DNA were seen. A similar result was obtained using a larger scale method for extracting plasmid DNA from a 1 litre culture of strain J53(R391) by a Brij lysis technique based on the method of Clewell & Helinski (1969) .
The possibility that the IncJ plasmids might be in the open circular form for most of their existence was tested using the cleared lysate method of Meyers et al. (1976) , which does not involve the separation of open and closed circular DNA molecules. Any isolated plasmid DNA was examined by gel electrophoresis as described by Meyers et al. (1976) . Again, no plasmid bands were seen with any of the IncJ plasmids investigated. t This frequency is lower than would be expected considering the position of ara with respect to leu on the E. coli linkage map (Taylor & Trotter, 1972) . This may be due to some delay or defect in the expression of ara under the experimental conditions used. Lower than expected transfer frequencies for ara and other sugars have been noted by previous workers (for example, see Barth, 1979) . Attempted transfer of IncJplasmids to recA strains. It was noted previously that the IncJ plasmids transfer between Rec+ strains of E. coli K12 with rather low frequencies ranging from per donor cell (Coetzee et al., 1972) . In the present work, the ability of IncJ plasmids to transfer their resistance markers to the E. coli recA strains PB 1132 and PB 1474 was investigated. In these matings no transconjugants were obtained with any of the IncJ plasmids tested.
Suppression of the DnaA phenotype by plasmid R391. Plasmid R39 1 was transferred to the E. coli K12 strain A3 at 30 "C. Three colonies each of A3(R-) and A3(R391) were grown in nutrient broth overnight and plated as described in Methods. Colony counts for A3(R-) cultures were lower by a factor of about lo7 for those grown at 42 OC as compared with 30 "C. Colony counts for A3(R39 1) were only 10-fold lower at 42 OC as compared with 30 "C. This suppression of the chromosomal DnaA phenotype indicated that R39 1 integrates into the chromosome and permits chromosomal replication from the R39 1 origin.
Mobilization of chromosomal markers by plasmid R391. The ability of R39 1 to mobilize various auxotrophic markers and kanamycin resistance from E. coli J53(R391) to ABll57 was tested. R39 1 gave a characteristic gradient of transmission of chromosomal markers ( Table 2 ). The proximal marker transferred was kanamycin resistance. The frequency of transfer of kanamycin resistance was approximately 1 . 3 times that of Thr+. Similar transfer frequencies were obtained for six different clones of J53(R39 1) indicating a single origin of transfer. Crosses of the A lysogen J53(R39 1) with AB 1157 will give rise to zygotic induction to of A and will kill transconjugants carrying chromosomal markers beyond gal. A small number of His+ and Arg+ colonies were obtained (Table 2) ; these were probably due to reversion of the recipient strain.
Examination of recombinants. One hundred colonies were selected on medium containing all the requirements of AB 1157 apart from threonine. All were resistant to kanamycin although selection had not been applied. Close linkage was found between the thr, ara and leu auxotrophic markers (Table 3) as would be expected from their position on the E . coli linkage map (Taylor & Trotter, 1972) .
Characteristics of strain AB1157(R391). The ability of AB1157(R391)Thr+ to transfer both kanamycin resistance and Thr+ to E. coli strain C600 was investigated. The transfer frequencies seen for kanamycin resistance and Thr+ were similar to those observed with J53(R39 1). It appears that R39 1 retains its ability to mobilize chromosomal markers when it has transferred itself into a different strain.
Incompatibility properties of plasmids R391 and R391-3b-1. The plasmid R39 1-3b was derived from the transposition of transposon 7 (Tn7), conferring trimethoprim and streptomycin resistance, into R39 1 (Hedges et al., 1975) . Trimethoprim and kanamycin resistance are transferred at equal frequencies from strains containing R39 1-3b. Assuming that R391 has a chromosomal location this implies that Tn7 is located very close to the kanamycin resistance gene of R391. R391-3b-1 is a segregant of R391-3b that does not code for kanamycin resistance ; it could have arisen by a naturally occurring mutation, by a deletion induced by Tn7 or by insertion of Tn7 into the kanamycin resistance determinants.
It was noted by Hedges et al. (1975) that when R391 was transferred into a strain containing R39 1-3b-1 with selection for kanamycin resistance, 90 % of transconjugants had lost the resident plasmid. The remaining transconjugants were 'doubles' which carried the resistance markers of both R39 1 and R39 1-3b-1. In the present work the stability of these 'doubles' was investigated. One of these was grown overnight in drug-free nutrient broth, and the culture was plated on nutrient agar to give single colonies. All of the 200 colonies tested carried the resistance markers of R391 and R391-3b-1. One of these colonies was tested further as described above, and again all of the 200 colonies tested were 'doubles'.
The transfer frequencies of kanamycin and trimethoprim resistance from these 'doubles' into the strain AB1157 was determined. Mating times and conditions were as described in Methods. Kanamycin resistance was transferred at a frequency of per donor cell whereas the transfer frequency of trimethoprim resistance was These incompatibility properties can be explained in a way that supports the hypothesis that R39 1 has a chromosomal location.
per donor cell.
D I S C U S S I O N
There is no evidence for the autonomous existence of the IncJ plasmids in the open or closed circular plasmid DNA forms. Several different DNA isolation methods were tried which consistently met with failure. This suggested that these plasmids are integrated in the chromosome for most if not all of their existence.
The suppression of the dnaA mutation of strain A3 by plasmid R39 1 indicates that R39 1 is integrated into the chromosome of A3 and chromosomal replication is permitted using the R39 1 replication origin. This chromosomal location of R39 1 is also indicated by its ability to mobilize E. coli chromosomal markers. Different clones of a strain carrying R391 give a characteristic gradient of transmission, the proximal marker always being kanamycin resistance. These results indicate a single integration site of R391 on the chromosome near to thr. The Thr+ recombinants obtained after chromosomal mobilization into strain AB 1 157 also confer kanamycin resistance and are able to mobilize the chromosome of AB 1 157. R39 1 therefore retains the mobilizing ability when it has been transferred to different strains of E. coli.
The incompatibility properties of the IncJ 'plasmids' R391 and R391-3b-1 can also be explained by proposing a chromosomal location for R391. In matings between strains carrying these two plasmids where there is selection for the incoming plasmid the resident plasmid is lost in the majority of transconjugants examined. The observed incompatibility arises because the plasmid in the donor strain undergoes a recA-dependent recombination with the resident chromosome carrying R39 1-3b-1 and displaces the resident plasmid from its chromosomal site. 'Doubles' of R39 1 and R39 1-3b-1 were found to be stable and no loss of either plasmid resistance markers w~ ever seen. It is proposed that these stable 'doubles' arise from a recombination of R39 1 with the same chromosomal integration site as R39 1 -3b-1 and a transposition of Tn7 from R39 1-3b-1 to a different chromosomal site. This is indicated by the low transfer frequency of trimethoprim from the stable 'doubles'. Tn7 has a 'hotspot' for integration between dnaA and ilv on the E. coli chromosome (Barth et al., 1976 ) and the transfer frequency of these markers is similar to that of trimethoprim resistance seen in the stable 'doubles'. R39 1 transfers its resistance determinants and mobilizing ability before the chromosomal markers. This is unlike the Hfr mobilization seen with F where only part of F is transferred as a proximal marker (Jacob & Wollrnan, 196 1) . Similarly, when the IncIa plasmids R483 and R144 mobilized the E. coli chromosome. drug resistance genes were not the leading marker (Datta & Barth, 1976) .
The IncJ plasmids may lack an important function which prevents them from being totally autonomous, such as segregation functions or a complete replication system. This could be investigated further by ligating fragments of chromosomal DNA containing R39 1 with fragments of other plasmids such that the R391 replication origin is functional. By choosing suitable plasmids whose replication and segregation functions are well mapped it could be determined whether R391 encodes all the information for its own replication and/or segregation.
